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STORAGE 

FOR APPLES AND PEARS 1 



INTRODUCTION 


Holding apples and pears in cold storage in 
producing areas rather than at market ter- 
minals or at points in transit has become a com- 
mon practice. In the Pacific Northwest this 
change has been more or less coincident with 
the decline of speculative buying of the fruit 
by eastern interests and with the growth of 
cooperative marketing enterprises owned and 
controlled by the growers. As a result, the 
available cold-storage apace in the fruit-grow- 
ing districts in Washington and Oregon has 
been materially increased, 2 but even yet it is 
inadequate for the needs of the industry. Many 
of the existing cold-storage plants are in- 


be found equally useful in other parts of the 
country. 

The principal fruits requiring refrigeration 
for extended storage are apples and pears. 
Grapes also are stored extensively in some 
places, particularly in California. Refrigeration 
is used also for the precooling or short-time 
storage of other fruits, such as cherries, plums, 
and apricots. 

Rural electrification and automatic refrigera- 
tion equipment are now universal, and indi- 
vidual fruit growers or small groups of grow- 
ers have been building cold-storage plants at 
or near their orchards instead of relying on 
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RESPONSE OF FRUIT TO STORAGE CONDITIONS 


Before undertaking to design and operate a 
cold-storage plant, the nature of the product to 
he stored must be understood. Apples and pears 
are alive at the time of harvest; the length of 
time they may be held for consumption in the 
fresh state depends upon how long the end of 
their life can be delayed. Their storage life be- 
gins the day they are picked, even though they 
may remain temporarily in the orchard or 
packinghouse. The length of storage life varies 
with the variety, orchard, district, and condi- 
tions of growth, the stage of maturity at which 
the fruit is picked, and the temperature and 
humidity at which it is held. For additional 
discussion on these subjects, see reference 
{82)? 

Respiration and Ripening Processes 
An apple or pear consists largely of water 
and contains sugars, fruit acids, and, in and 
between the cell walls, pectin. The pectins 
cement the cells together, and the degree of 
adhesion or disintegration of the cells de- 
termines whether the flesh of a fruit is firm, 
tough, crisp, and juicy, or soft and mealy. The 
chemical changes that take place in fruit dur- 
ing ripening are very complex. Starch changes 
to sugar; acids and insoluble pectins decrease; 
and volatile constituents are given off. These 
changes go on until the fruit becomes overripe 
and unpalatable, with subsequent collapse. Dur- 
ing the ripening process, oxygen is consumed 
from the air, water and carbon dioxide are 
produced, and heat is generated. All these ac- 
tivities are embodied in what is spoken of as 
respiration. 

The chemical changes taking place in ripen- 
‘ Italic numbers in parentheses refer to Literature 


ing fruit, and consequently the rate of respi- 
ration, are retarded as the temperature is 
lowered. The quicker heat is removed from 
fruit after picking to bring it to an optimum 
storage temperature, the earlier the ripening 
processes will be retarded and the longer the 
fruit can be kept. 

The generation of heat during the respira- 
tion and ripening processes (referred to in more 
detail on p. 28) is greater than is commonly 
realized and deserves important consideration 
in the design and operation of fruit cold- 
storage houses. The faster a fruit ripens, the 
greater the quantity of heat generated. A Bart- 
lett pear ripens faster than an apple at a given 
temperature, and, therefore, its greater heat 
of respiration results in larger refrigeration 
demands, even when it is taken into storage at 
the same temperature as the apple (table 1). 

Storage Temperatures 

Research by Magness and others {17) has 
shown that when apples are stored at 30° F. 
about 25 percent longer time is required for 
them to ripen than at 32°. When stored at 40°, 
the rate of ripening is about double that at 32°. 
At 60° the rate is about three times that at 
40°, and at 85° the softening and respiration 
rates have been found to be about double those 
at 60°. These findings emphasize the im- 
portance of having the cold storage designed 
to quickly establish and maintain uniform low 
temperatures. A study on the effect of hydro- 
cooling apples (Red Delicious, Golden Delicious, 
and Winesap apples) "Indicates that for long 
storage of apples, hydrocooling offers no ad- 
vantages over air-cooling in cold storage rooms, 
providing the cooling to approximately 32° is 
accomplished within a week. If there is in- 
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sufficient refrigeration capacity in a warehouse 
and a number of storage units are involved, 
hydrocooling might be advisable” (28). 

Uniformity of Temperature 

Uniformity of temperature relates both to 
its range on the thermometer scale and to the 
maintenance of. a like temperature throughout 
a storage room. In some plants, cycles of com- 
pressor operation cause a fluctuation of 2° to 
4° F. in air temperatures. Slight fluctuation 
does not injure fruit unless it is downward to 
a point resulting in freezing or in Iow-tempera- 
ture injury. Apples or pears exposed to a tem- 
perature fluctuating from 30° to 32° will keep 
as long as if stored at a constant temperature 
of 32°. If the fruit is stored at a uniform tem- 
perature of 30°, however, its life may be 
lengthened by 25 percent (17). 

Maintaining uniformity of temperature in 
all parts of a storage room is more important 
than avoiding small fluctuations at a given 
point. Marked variation in temperature within 
the storage room will bring about different 
rates of fruit ripening. This frequently results 
in mixing overripe and prime fruit in ship- 
ment, or it may result in undetected deteriora- 
tion and decay of fruit in inaccessible locations. 
Thermometers and Uniform Temperatures 
Because fruit is a living matter, it is generat- 
ing a small quantity of heat continuously. The 
air circulation is not uniform in all parts of 
the storage room, therefore, the fruit tempera- 
ture will not be the same at all locations, The 


heat generated must be given up to the air to 
prevent a rise in fruit temperature. For this 
reason, it is not possible to have the same air 
or fruit temperature in all parts of a storage 
room. In some storage rooms, the temperature 
variation may be only a fraction of a degree, 
while in others it may vary several degrees 
even after the fruit has been cooled to its final 
temperature. 

Because of these variations in temperature, 
readings from thermometers placed in the 
aisles may be misleading. To operate a plant 
to the best advantage, the highest and lowest 
fruit temperature in each room should be 
known. Since the fruit stored in packed boxes 
may be one degree or more higher than the 
circulating air the core temperature must be 
known. This temperature determines how well 
the fruit will keep. The use of thermometers to 
take temperature readings of the fruit in all 
parts of the storage room after it has been 
filled with fruit is difficult. 

There are times during the season, as fruit 
is shifted or loaded out, when it is possible to 
take core temperatures. Often, if temperature 
conditions are known, steps can he taken to 
make them more uniform. When fruit-tempera- 
ture readings are not taken, temperatures 
shown on the thermometer in an aisle are 
frequently assumed to prevail throughout the 
room. This is not true, and wide temperature 
variations may occur, especially for the first 
few weeks of storage. (See the discussion on 
use of thermocouples for reading temperatures 
in these inaccessible places, p. 26.) 
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an insignificant number. Mold on the surfaces 
of packages and wails of the storage room was 

Ozone did not reduce the scald enough to pro- 
vide a satisfactory control. Some varieties of 
apples develop lenticel injury due to prolonged 
storage in strong concentrations of ozone. In 
addition to injury of lenticel tissue, other 
serious effects of extended exposure to 3.25 
p.p.m. of ozone may occur, such as the skin of 


the apple having a sticky and varnishlike ap- 
pearance. The flavor of some apples is also im- 
paired. The extent of this off-flavor varies with 
the variety. 

Schomer (27) also reports that ozone ap- 
peared to have no effect on major physiological 
activities of apples such as ripening during the 
storage period as measured by pressure tests, 
composition of internal atmosphere, pH, and 
total acidity. 


STORAGE BEHAVIOR OF APPLES AND PEARS 


Success in the storage of apples and pears 
is dependent upon consideration of their in- 
herent characteristics and upon their normal 
cold-storage life. The handling of the fruit be- 
fore storage is also important. “Maximum stor- 
age life can be obtained only by storage of 
high-quality commodities shortly after harvest” 
(15). 

A temperature of 30° to 32° F. and a relative 
humidity of 85 to 88 percent give best results 
in the storage of most varieties of apples in 
most parts of the United States. Certain va- 
rieties, however, sometimes will not tolerate 
continuous low-temperature storage. Yellow 
Newtown, McIntosh, and Rhode Island Green- 
ing apples should be held at 36° to 38° to pre- 
vent development of internal browning and 
brown core. Grimes Golden should be held at 
34° to 36° to prevent soggy breakdown. Under 
conditions described below, certain other varie- 
ties should be stored at temperatures higher 
than 32° to avoid storage disorders. 

The higher the storage temperature the 
faster the apples will ripen and the sooner the 
end of their storage period will be reached. 


ripened and mealy with many decayed fruits. 
Some forms of deterioration of apples in stor- 
age are discussed here. 

Ammonia injury on apples is recognized by 
a prominence of the lenticels, which become 
white at the center, with some or many of them 
surrounded by bands of black on the red sur- 
faces or of green on the yellow-green surfaces. 
Even short exposures to small concentrations 
of ammonia will produce these color changes. 
When ammonia concentrations are 2 to 5 per- 
cent, an exposure of 5 to 8 minutes results in 
prominent lenticels with the surrounding dis- 
coloration spreading between the black or green 
rings. After the apples have been exposed to 
the fumes for a short period, they partially 
recover when aerated. The residual damage 
may be only a slight skin blemish around the 
lenticels or it may be more serious and affect 
the flesh tissue. 

Apple rots are caused by fungi commonly 
referred to as molds (7, 25). From the stand- 
point of the cold-storage operator, a most im- 
portant characteristic of rot-producing fungi 



become noticeable on the tree or after the fruit remo 
has been harvested and stored, Crops of suscep- occur 
tible apples intended for storage should be held the ci 
at 30° to 32° F. for 2 months before being core 
packed so that affected fruits may be sorted from 
out, apple 













under pressure, The affected skin may become 
almost black and affords entrance for the decay 
fungi that usually follows. The disease does not 
appear until the fruit is aged in storage from 
being held too long or at too high a tempera- 
ture. Pear scald, other than the type on the 
Anjou variety, cannot be prevented by packing 
in oiled wrappers, but susceptibility may be 


quently appears and the skin at this spot may 
be slightly dark. Anjou is the variety frequently 
affected by cork spot. The disease is related to 
growing conditions in the orchard and is not 
caused by storage conditions. Affected fruit can 
be stored approximately as long as normal 
fruit, but its market value may be greatly de- 
preciated if cork spot is very prevalent. 


COLD-STORAGE PLANTS AND EQUIPMENT 


Refrigeration 


cold-storage plant has characteristics of its 
own, To take advantage of its good points and 


to avoid difficulties that may not be common 


to other plants, the operator must be familiar 
with his particular plant. General principles of 
refrigeration apply to all plants, however, and 
knowing these principles will enable an opera- 
tor to profit by his experience. These principles 
are covered in textbooks (16, IS, 19, and 35 ) ; 
more specific information is given in handbooks 
( 1 and S3) on characteristics of refrigerants; 
condenser, compressor, and evaporator; insula- 
tion values; fan and duct data; requirements of 



; cooling surface; power re- 
other matter. 


Pum ping Heat 

The process of refrigeration might be likened 
to pumping air out of a tank until the pressure 
is lower than that of the atmosphere. Once 
the desired low pressure inside the tank is 
reached, the only additional pumping necessary 
is to remove any air that enters the tank by 
leakage, and then the pumping needed will de- 
pend entirely upon the leakage. In a refrig- 
erated space, it is desirable to maintain a 
certain temperature below that of the sur- 
roundings. Heat is pumped out until the desired 
low temperature is reached, whereupon further 
pumping is necessary only to remove the heat 
that enters the chamber by leakage through 
walls and open doors or heat that is generated 
within the space. 

When pumping air from a vacuum tank, if 
only a slight approach to vacuum is required, 































STORAGE 


banks and gutters are hung under them to 
catch any drip. 

In rooms where large areas of the ceiling are 
without coils, direct expansion alone cannot 
cool the fruit very promptly and the tempera- 
ture in various parts of the room may differ 
markedly, even after the fruit has cooled to its 
final temperature. In these rooms, use of either 
portable or permanently installed fans operat- 
ing in the room to stimulate air movement will 
tend to make the temperatures more uniform. 
Fans installed to give a positive air movement 
will give even better results. Fans blowing di- 
rectly over the cooling pipes are effective in 
reducing both condensation and the danger of 
localized freezing of the fruit. 

To avoid all possibility of accidental leakage 
of ammonia from the cooling system into the 
storage rooms, the cooling pipes are sometimes 
designed for carrying cold brine. The brine is 
cooled in a separate brine cooler and circulated 
by pumps to the various rooms. Other ad- 
vantages of this method are that temperature 
control is simpler than in a direct-expansion 
system and a reserve of refrigeration is avail- 
able in the cold brine to carryover short periods 


of shutdown. This system, however, is more 
costly than direct expansion, and for this rea- 
son it is not commonly used in fruit districts. 
In comparison with an air-circulation system, 
brine pipes otherwise have the same advantages 
and disadvantages as a direct-expansion sys- 
tem. A brine of calcium chloride instead of 
common salt (sodium chloride) may be used 
for this type of installation. Data on the density 
and freezing points of sodium chloride and 
calcium chloride brines are given in table 7. 


bunker and air from a large blower is passed 
over them, then distributed through ducts into 
the storage room. If large quantities of air are 
used, prompt cooling and even temperatures 
may be obtained. The problem of accumulation 
of frost on the pipes remains, although disposal 
of the water and frost without damage to the 
fruit is simpler than under direct expansion. In 
some installations the pipes are defrosted 
periodically by spraying with brine or warm 
unsalted water. The blower is stopped while the 
defrosting is taking place. In other plants de- 
frosting is done by pumping hot ammonia into 












Heal of Respiration 

Fruit continues to live aa long aa it is fit for 
food. It ia therefore continually generating 
heat by breaking down some of its constituent 
materials. Bartlett pears or peaches starting at 
60° F. in a nonrefrigerated, well-ventilated 
room probably would reach a temperature of 
86° to 90° after 4 days and might go even 
higher. Kieffer peara and grapes produce heat 
more alowly and probably would not warm up 
to above 66° or 70° under the same conditions. 


Incidental Heat Sources 

In addition to the fruit itaelf, other aources 
of heat are from workmen, motors, boxes or 
pallet boxea, and lighta. Each workman ia as- 
sumed to give off 1,000 B.t.u. per hour. Tile 
heat from motora can be estimated at 3,000 
B.t.u. per hour for each horsepower. Each 100- 
watt light burning adda about 360 B.t.u. per 

Air Infiltration 










STORAGE 




Incidental heat 

Fans : 4 hp. x 3,000 x 24 

Infiltration, workmen, etc : 288,000 B.t.u. per 1,000 boxes 
received/day x 4 

Forklifts: 35,000 B.t.u./hr. x 8 hr. X 2 

Total 


= 288,000 B.t.u. /day 

= 1,152,000 B.t.u./day 
= 560,000 B.t.u./day 

= 2,000,000 B.t.u./day 


Field heat 

Heat of respiration 

Building heat loss 

Incidental heat 

Total 

Refrigeration required = 9,446,950 B.t.u./day = 32.8 tons 

~ 2887000 

Estimate : 35 tons required 


B.t.u/day 

5,105,430 

1,680,000 

661,520 

2,000,000 

9,446,950 


17.8 


21. 

100.0 


The greatest demands for refrigeration come 
from field heat and heat of respiration, which 
are directly related to the volume of fruit being 
received and cooled each day during the peak 
of the harvesting season. To cool this fruit 
promptly for late keeping, it is essential to 
have this reserve of refrigeration for a com- 
paratively short time. After the receiving sea- 
son, when the fruit has been cooled to 32° F., 
the heat of respiration from 35,000 boxes of 
apples would require only 2.5 tons of refrigera- 
tion, and this added to building-heat leakage 
and heat of motors for fan and forklift trucks 
would demand only 7.7 tons of refrigeration. 


As the weather becomes cooler, the building- 
heat loss is reduced, resulting in still smaller 
refrigeration demands. In climates where day 
temperatures range from 55° to 75° during the 
harvest season, the refrigeration requirements 
may be roughly estimated at 8 tons for each 
1,000 bushels (packed boxes) received into 
storage daily, in addition to refrigeration 
needed for building-heat loss and heat from 
motors. If the quantity of fruit is measured in 
field boxes, the requirement per 1,000 is about 
6.5 tons, instead of 8, since the field boxes con- 
tain about 15 pounds less fruit than packed 


COLD-STORAGE DESIGN 


In planning a cold-storage plant, efficient re- 
frigeration of the fruit should be considered 
first, followed by an efficient and economical 
method of handling the fruit. These require- 
ments do not always permit the lowest cost in 
construction and operation. An insulated build- 
ing in the form of a cube — dimensions equal 
for length, width, and height — represents the 
minimum requirements for materials in walls 
and the least outside exposure for heat trans- 
fer. Buildings of different dimensions, however, 
usually are necessary for the practical con- 


siderations of receiving, shipping, segregating, 
and stacking the fruit and for the efficient use 
of labor. Layout and design will be influenced 
also by other factors, such as precooling re- 
quirements. For a complete study of building 
layout and design, see reference (H). 

Prccooling 

Precooling is usually spoken of as a special 
process for the rapid removal of heat from a 
commodity before transportation. The term is 
used also in some fruit districts to denote rapid 
















COLD-STORAGE MANAGEMENT AND PLANT OPERATION 


Many cold-storage plants are not utilized to 
best advantage, either because of shortsighted- 
ness in management or not operating at maxi- 
mum efficiency. During the cooling period many 
plants take in fruit faster than their equipment 
can cool it. As a result the fruit is not cooled to 
the holding temperatures until ripening is well 
advanced. Several managerial steps can be 
taken to improve conditions. Compressors and 


auxiliary apparatus need to be in good shape. 
Condensers must bo clean and all available 
condenser surface used. Evaporating coils 
should be kept as free as possible from frost 
and the blowers used should circulate the maxi- 
mum volume of air. Good management includes 
such handling of the fruit as will utilize the 
plant to best advantage and such control over 
the operation of the plant and over the care of 
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Mix the water with the ingredients to a thii 
slurry consistency for painting on conere 
structures. 

Harvesting Maturity of Apples 

Because of the importance in harvesting a; 
pies at the proper time for storage, the folloy 
mg research information on picking dates f« 
apples in the Pacific Northwest is quoted in i 
entirety ( 2 ). 


fruit begins to allow Internal browning 
:o January and curly February. Fruit 


maturity of apples at harvest t 


i is being lost during the 
a method used to predict 
:e of apples. 


Harvest Maturity for Pears 



